T he class-E power amplifier has become one of the primary techniques for achieving high efficiency from medium through microwave frequencies. Nathan Sokal (who died in May 2016), along with his son Alan, invented the class-E concept in the early 1970s and subsequently publicized it. This special issue of IEEE Microwave Magazine, which expands on a session at the 2017 IEEE Microwave Theory and Techniques Society International Microwave Symposium, focuses on Nathan Sokal and the class-E amplifier. It serves both as a memorial to Nat Sokal and an overview of class-E technology.
I began interacting and collaborating with Nat in 1973 on RF applications. The first article in this issue offers my own recollections of Nat Sokal and personal remembrances from the Sokal family provided by daughters Karen Sokal-Gutierrez and Diane Sokal.
Next is a transcript of the address Nat delivered at the Polytecnic Institute of Madrid, Spain, upon receiving his honorary doctorate in 2011. This speech traces the origins of the class-E amplifier from Nat's perspective. 
Nathan Sokal and the Class-E Amplifier
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Andrei Grebennikov and I put together the third article, "A History of Switching-Mode Class-E Techniques," which traces the historical development of class-E. It has an international perspective, because Andrei and I worked on opposite sides of the Iron Curtain. As it turns out, many of the aspects of class-E (especially loading the transistor with an inductive impedance) had been independently discovered by others. However, it was Nat Sokal who publicized the results and made class-E a household term for RF engineers. (One should note that Columbus did not discover America, nor was Marconi the first to transmit messages wirelessly; nonetheless, they get the credit because they did something with their findings, whereas other similar work remained unknown except to those involved.)
The original theory for class-E was based on discrete components (lumped elements) with waveforms defined and optimized in the time domain. Thus, the first applications at medium, high, and very high frequencies were implemented with discrete components. The fourth article, "Class-E Amplifiers at MF, HF, and VHF" by Arturo Mediano and Francisco Javier Ortega-González, provides an overview of these techniques and applications. The upper frequenc y l i m it of classica l (discrete-component) class-E operation occurs when the transistor provides all necessary shunt capacitance. It is possible to achieve (ideally) 100% efficiency for slightly higher frequencies by using suboptimum waveforms, but then efficiency drops with further increases in frequency. In 1995, graduate student Tom Mader and his professor Zoya Popovic´ used transmission-line networks to provide load impedances that allowed the amplifier to approximate class-E operation. This led to the development of class-E amplifiers at ultrahigh and microwave frequencies. The fifth article, "Microwave Class-E Power Amplifiers" by Zoya Popovic´ and José A. García, reviews these principles and applications.
Nat had been involved in the design of dc-dc converters and envisioned the use of class-E not only as an RF power amplifier but also as a component in a dc-dc converter. The idea was to use the class-E amplifier to generate power at a relatively high frequency and then rectify it. By using a relatively high frequency (e.g., 14 MHz) instead of the 100-500 kHz used in conventional converters, the size of the components-especially the inductors-could be greatly reduced. This led to the development of the class-E rectifier and dc-dc converters operating at frequencies as high as several gigahertz. The sixth article, "Class-E Rectifiers and Power Converters" by José A. García and Zoya Popovic´, covers these techniques and applications.
There are, of course, many more variations on class-E amplification such as pulse-width modulation and outphasing, and there will be more in the future. But the articles included here should provide a good overview of how the class-E amplifier was developed and the basics of how it can be used.
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